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[ 5 7] ABSTRACT 

Mounted on each airplane is a small waterproof loud 
speaker that transmits a coded high frequency acous 
tic signal while the airplane is on the ground. A plural 
ity of microphones are located along the runways. 
taxiing strips, ramps, and gate positions. The acoustic 
signals will propagate a limited distance so that only a 
near-by microphone will be activated thereby, thus 
making it very simple to continuously monitor the po 
sitions of airplanes on the ground. Each microphone is 
separately connected to a recognition circuit which in 
turn activates a corresponding display indicator. The 
indicators are arranged on a display panel in the form 
of a map of the air?eld. 

6 Claims, 3 Drawing Figures 

M16 Ml5 ""4 MB 

AIRCRAFT POSITION DISPLAY WALL 
PANEL 



34,855,571 PATENTEB [1501 71974 

SHEEI 1 gr 2 

PANEL 
AIRCRAFT POSITION DISPLAY WALL 





3,855,571 
1 

AIRCRAFT GROUND TRAFFIC CONTROL 
SYSTEM 

This invention is related to automatic systems for in 
dicating the positions of airplanes on the ground, at an 
airport, and more particularly to means for giving air 
controllers an exact knowledge of the actual location 
of all planes while on the ground, without regard as to 
whether they are parked, taxiing, or standing. 
Airport traf?c is becoming progressively more com~ 

plex. Many different types of airplanes are mixed on 
runways, taxi strips, ramps, and other areas. Some 
planes are behind buildings, some are behind each 
other. Some are approaching the terminal area, some 
are leaving the area. 
Airport traf?c controllers must know where all air 

planes are at all times. First, an aircraft on the ground 
may be a hazard to a landing or taking off airplane. Sec 
ond, taxiing aircraft may create traffic congestion. 
Third, ground delays are very expensive to the airlines, 
annoying to passengers, and may be hazardous by de 
pleting fuel and polluting the atmosphere. 
Heretofore, attempts have been made to use proxim 

ity sensors to identify and display the location of the 
airplanes. However, near-by buildings, objects, parked 
aircraft, and the like re?ect the same information and 
make the system useless. Moreover, the transponders 
and computers are very expensive. Thus, these systems 
are impractical. 
Accordingly, an object of this invention _is to provide 

a system for continuously monitoring and displaying 
the exact location of each of a plurality of airplanes 
while they are on the ground at an airport. 
A further object of this invention is to provide an in 

expensive means for individually identifying each of a 
plurality of airplanes and for providing an automatic 
visual display of the position of each plane location, 
with respect to the airport ground plan. 

In keeping with an aspect of this invention, these and 
other objects are accomplished by providing each air 
plane with a sonic transducer, capable of continuously 
transmitting a uniquely coded sonic signal. Each code 
identifies the airplane having the transducer associated 
therewith. On the ground at an airport is a newtwork 
of separate sonic energy receiving transducers. These 
transducers are mounted at spaced intervals along the 
runways, and at other areas of interest on the ground. 
Each receiver is wired to a display panel having lights 
located at points corresponding to the speci?c loca 
tions of the actual airport network. Thus, the invention 
provides for the identification and the continuous dis 
play of the exact location of each airplane on the 
ground at an airport. 
These and other objects are accomplished by a pre 

ferred embodiment of the invention which may be un 
derstood from a study of the following description 
when taken in conjunction with the accompanying 
drawings in which: 
FIG. 1 shows a schematic representation of a portion 

of an airport having one embodiment of the invention 
for automatically indicating the location of each plane 
that is on the ground; 
FIG. 2 schematically shows an airplane mounting the 

inventive transducer; and 
FIG. 3 is a block diagram showing an electronic cir 

cuit used in the inventive system to display the airplane 
location. 
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2 
In FIG. 1 the reference character 10 identi?es a por 

tion of a taxi strip which leads from a terminal gate area 
13 to a runway. A hangar area 14 is shown removed 
from the terminal area. A plurality of airplanes Al-A6 
represents various ground traffic conditions. More par 
ticularly, the airplane A1 is parked at a gate, ready to 
load departing passengers. The arriving airplane A2 is‘ 
fully loaded and approaching a gate. While it is being 
serviced, airplane A3 is parked in front of a hanger. 
Airplanes A4, A5, and A6 are in a soicalled congo line 
on a taxi strip leading to the runway. An air traffic con~ 
troller, located in the tower 18, must keep track of > 
these airplanes and know the general location of each. 
Thus, FIG. 1 illustrates some of the problems encoun 
tered in an attempt to mechanize a display of the loca 
tion of these planes. 
Attempts have been made to use ground based prox 

imity sensors wherein the airplane acts as a passive re 
?ector or interceptor of ground based signals. By way 
of example, radar beams are re?ected and light beams 
are intercepted. The airplane A3 is parked, out of the 
ground traffic pattern, and is of no interest to the con 
troller in the tower 18. Reporting its parked location 
would confuse a controller who is directing the landing 
airplane A2 since it would appear that airplane A3 has 
priority in its apparent right to approach a gate. Small 
airplane A5 is here shown as being positioned in the 
radar shadow of the two larger airplanes A4, A6. 

If an attempt is made to base detection on intercep 
tion, the same problems exist. Some airplanes are 
parked and out of service. Some are in shadows of oth 
ers, and it is not possible to distinguish between them. 

If the detector uses a different characteristic, such as 
a ?eld disturbance or doppler effect, the airplane is re 
ported only under the conditions of those characteris 
tics. Thus, a dopper detector would detect the moving 
airplane A2 but not the stationary airplane Al. The 
controller in tower 18 would be likely to direct the air 
plane A2, to taxi through the space occupied by air 
plane Al. Likewise, the airplane A5 could be-taxiing 
and the airplane A6 could be stationary. The same is 
true where the detector depends upon an upset in a bal 
anced ?eld, as where a capacity proximity detector can 
detect movement until a capacitor is charged or dis 
charged. 
As a result of these and other problems, the air traffic 

controller in tower 18 still depends upon visual contact 
with the aircraft on the ground. In times of poor visibil~ 
ity this presents problems, and it does not solve the 
problem of the airplane A1 which is at least partly hid 
den from view behind terminal 13, or of the small air 
plane AS which is hidden among the larger airplanes 
A6, A4. 
According to the invention, each airplane is 

equipped with a sonic transducer or loudspeaker Tl 
(FIG. 2) mounted on a convenient part of the airplane, 
as schematically illustrated. As here shown, the trans 
ducer directs its sounds downwardly toward the ground 
which acts as a diffuser giving the sound an omnidirec 
tional pattern characteristic. However, it is also within 
the scope of the invention to use a directional horn 
beaming sound in a specific direction. Each airplane is 
also equipped with an electronic signal generator which 
may be selectively coded to provide a different identi 
fying signal for each of the plurality of airplanes. A 
number of microphones Ml - M16 are located on the 
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ground in known locations near the airplane positions. 
The acoustic signals radiated from the airplane trans 
ducer T1 is limited in range so that it may be picked up 
only by the closest microphone M1 - M16. Thus, only 
microphone M1, which is in the closest proximity of 5 
airplane A1 will pick up the sound from that airplane. 
A network of the many microphones are located at rel 
atively close intervals which depend upon the desired 
resolution. For example, the microphones could be as 
much as a few hundred feet apart along the edges of the 
runways and taxiing strips and perhaps much closer at 
the various terminal gate positions. 
Each microphone is connected by a separate cable 

C1 - C16 to separate electronic processing circuits El 
- E16, which are capable of recognizing the coded sig 
nals which may appear in any channel as a result of the 
proximity of an airplane to a particular microphone, 
which identi?es that particular channel. After passing 
through the electronic processing circuits El - E16, the 
coded signals activate display indicators D1 - D16 
which are arranged on a wall panel 20. This panel has 
a pictorial map of the airport with the displays at loca 
tions corresponding to the actual locations of the asso 
ciated microphones M1 - M16 placed over the airport 
ground. 
The electronic circuitry is seen in FIG. 3, where the 

airplane carried equipment is seen at 21 and the ground 
based recognition equipment is seen at 22. More par 
ticularly, the airplane equipment includes hundreds, 
tens, and units selectors 23, 24, 25 of any suitable de 
sign, such as simple rotary switches, for example. These 
switches feed a suitable distributor 26 which is a switch 
for placing the hundreds, tens and units digits in proper 
sequence. Thus, the pilot has only to set the switches 
23-25 to his ?ight number and to turn on the system 
while on the ground. Actually, there is no reason why 
the system has to be turned off while it is airborne. 
Sonic energy may be provided by any suitable source, 

such as oscillator 27. Or, the entire sequence could be 
recorded on a tape recorder and simply played back 
endlessly. Here, the energy from oscillator 27 is inter 
rupted in a distinctive manner under control of a suit 
able interrupter 28. A very simple form of coding might 
be to provide a thousand terminals representing the 
numbers 000-999 and to cross wire switches 23-25 to 
make the terminals so that distributor 26 sends three 
series of pulses to the interrupter 28, each series having 
the selected number of pulses. However, this simple 
code would probably be too heavy and expensive to be 
attractive; therefore, any of the many codes used in air 
craft transponders may be used. 

In any event a suitably encoded sonic energy signal 
is ampli?ed at 29 to provide a selectively controlled sig 
nal level. Transducer T1 radiates coded, high fre 
quency sonic energy in a desired sound ?eld pattern 
provided by any suitable device, symbolically shown by 
the sound lens 29A. 
On the ground, each microphone is connected to an 

associated channel of equipment. Thus, by way of ex 
ample, microphone M2 is here shown as being con 
nected to band pass ?lter 35, level detector and dis 
criminator circuit 36, ampli?er 37, decoder 38, charac 
ter generator 39, distributor 40 and panel 20. 
The band pass ?lter 35 rejects all sound except that 

falling in the narrow band width radiated by the trans 
ducer T1. The level discriminator 36 rejects. signals 
passing through band pass ?lter 35 unless those signals 
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4 
exceed a given signal strength. Thus, the interaction be 
tween ampli?er 29 and level discriminator 36 is such 
that the microphone M2 cannot respond if the airplane 
is more than a predetermined distance away from mi 
crophone M2. 

If the airplane is between the microphones M1 and 
M2, the signal out of one of the level discriminators 36, 
42 will have greater strength than the signal out of the 
other. 
Each signal is fed back to inhibit the band pass filter 

of the adjacent channels, as indicated by the heavily 
inked dots 44, 45. The filters 4], 35 are cross wired at 
46, 47 to suitable difference ampli?ers so that the filter 
receiving the stronger signal is enabled and the ?lter 
receiving the weaker is inhibited. Thus, if the airplane 
is closer to microphone M2 than to microphone M1, 
the ?lter 35 is enabled, and the ?lter 41 is inhibited. 
Similar feedback is provided between all adjacent 
channels, as indicated by the wires 50-53. 
The signal from the enabled channel is ampli?ed at 

37 to a standard level required to operate the system. 
The output of ampli?er 37 is fed to a decoder 38 from 
which a suitable character generator 39 feeds signals to 
the display panel 20 during time intervals indicated by 
distributor 40. Therefore, if the pilot operates switches 
23-25 to indicate ?ight number “308," for example, 
generator 39 causes the character signals “308" to ap 
pear in the sequence dictated by distributor 40. These 
signals are displayed on panel 20 at location D2 (FIG. 
1) since the microphone M2 is the effective receptor of 
the sound. Likewise, airplane A5 might be identified at 
display D16 as ?ight 318. The display indicators may 
be Nixie tubes, light emitting diodes, or any other suit 
able means for achieving a visual display of the air 
plane‘s identi?cation and its location on the ground. 
Thus far, the invention has been described as a sys 

tem for separately identifying a plurality of airplanes 
and automatically indicating their locations on the 
ground at an airport. The airplane identification is 
achieved by coded acoustic signals which are transmit 
ted from a transducer T mounted on the airplane. The 
location of the airplane is determined from the position 
of the nearest microphone, among a network of micro 
phones which are installed over the ground area of in 
terest on the airfield. The locations of the various air 
planes on the ground are visually displayed on a map 
of the airport, by lighted airplane identi?cation num~ 
bers which appear in positions corresponding to the ac 
tual airplane locations on the ground. 
However, if the speci?c identi?cation of each air 

plane is not required and if only the location of the air 
plane is desired, the system may be simplified. [t is, 
therefore, possible to eliminate the coded signals and 
to transmit only a single frequency tone from each of 
the transducers T. The encoding and decoding portions 
23-26, 28, and 38-40 may be eliminated. Only a simple 
ampli?cation and band pass ?ltering is needed. In this 
case, the digital display elements D1 - D16 may also be 
eliminated and be replaced by simple pilot lights that 
become illuminated when a microphone channel picks 
up an acoustic signal from a nearby airplane. 
A third system for locating the positions of a plurality 

of airplanes on the ground is of intermediate complex 
ity. It provides a different frequency signal for each 
class of airplane, that is to be identified. For example, 
the small airplane A5 may be one class, the wide body 
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giant airplane A6 may be a second class, and the other 
airplanes may be a third class. 
This third system eliminates the individual coding re 

quirements for making individual plane identi?cations. 
It requires only that separate classes of airplanes use 
different frequency acoustic signals. For example, all 
large jet aircraft A6 transmit a frequency f1 from their 
transducers. The smaller jets transmit a frequency f2 
from their transducers. Then, the electronic circuits El 
— E16 only separate the two frequencies by suitable ?l 
ters. Each different frequency signal which appears in 
a microphone channel lights a pilot light in a distinctive 
manner on the map. For example, a different color or 
different ?ash rate may be used to identify both the 
type of plane and its location. 
While only three specific embodients of this inven 

tion have been shown for automatically identifying and 
locating a plurality of airplanes, it should be under 
stood that various other modi?cations and alternative 
constructions may be made. Therefore, the appended 
claims are intended to cover all equivalent structures 
that fall within the true spirit and scope of the inven 
tion. 

I claim: 
1. A system for automatically indicating and continu 

ously displaying the locations of individual airplanes 
while they are on the ground at an airport, said system 
comprising a transmitting transducer means mounted 
on each of said airplanes for sensing a coded aircraft 
identification signal individually associated with each 
of said airplanes, power activating means for operating 
said transmitting transducer to send said signal, a plu 
rality of receiving transducer means arranged in a ?xed 
spatial pattern on the air?eld, a plurality of communi 
cation link means, a plurality of recognition circuit 
means operated responsive to said identi?cation signal, 
each of said communication link means connecting a 
receiving transducer to a corresponding recognition 
circuit, a plurality of indicator means operated respon 
sive to said identification signals for indicating and con 
tinuously displaying both the spatial relationships and 
the identity of the plurality of receiving transducer 
means, each of said recognition circuit means being 
connected to an individually associated indicator 
means, and means for activating said associated indica 
tor means when the associated receiving transducer is 
receiving a coded identification signal from an air 
plane. 

2. The system of claim 1 and a display panel compris 
ing a map of the airport area, said indicator means 
being located on said map at positions corresponding 
to the physical locations of corresponding ones of said 
receiving transducer means on said airport. 

3. A system for automatically displaying the individ 
ual locations of airplanes while they are on the ground 
at an airport, said system comprising a transmitting 
transducer means mounted on each of said airplanes 
for sending an aircraft identi?cation signal individually 
associated with each of said airplanes, said transmitting 
transducer being an electroacoustic transducer for ra 
diating an acoustic signal, means for encoding said 
acoustic signal to identify the airplane carrying the 

, transducer radiating the signal, power activating means 
for operating said transmitting transducer to send said 
signal, a plurality of receiving transducer means in 
?xed spatial relationships on the air?eld, a plurality of 
communication link means, a plurality of recognition 
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6 
circuit means operated responsive to said identi?cation 
signal, each of said communication link means con 
necting a receiving transducer to a corresponding rec 
ognition circuit, a plurality of indicator means operated 
responsive to said identi?cation signals for continu 
ously displaying both the spatial relationshps and the 
identity of the plurality of receiving transducer means, 
each of said recognition circuit means being connected 
to an individually associated indicator means, means 
for activating said aircraft indicator means when the 
associated receiving transducer is receiving a signal 
from an airplane,'a display panel comprising a map of 
the airport area, said indicator means being located on 
said map at positions corresponding to the physical lo 
cations of corresponding ones of said receiving trans 
ducer means on said airport, each of said indicator 
means including a visual display, wherein each of said 
indicators displays a visible legend to identify a particu 
lar airplane responsive to the coded message transmit 
ted from the particular airplane which is in close prox 
imity to a receiving transducer channel means individu 
ally associated with said indicator to activate the asso 
ciated recognition circuit and operate the visual indica 
tor, thereby causing the display of the identification 
legend of the particular airplane, each of said visual 
legends being located on said map in positions corre 
sponding to the actual positions on the ground of the 
activated receiving transducer. 

4. A system for automatically indicating and continu 
ously displaying the locations of individual airplanes 
while they are on the ground at an airport, means in 
cluding an electroacoustic transducer attached to each 
of said plurality of airplanes, means associated with 
each electroacoustic transducer for sending a differ 
ently encoded acoustic signal corresponding to the 
identity of the airplane, a plurality of microphone 
means arranged in a fixed spatial pattern over the air 
?eld, electrical connection means extending between 
each microphone and a plurality of visual indicators, 
and means activated by said encoded acoustic signal 
transmitted from an airplane close to any particular 
one of said microphones for causing a continuous vi 
sual indication of the code associated with the airplane 
near said particular microphone, thereby displaying the 
identi?cation of the airplane and also indicating the po 
sition of the microphone. 

5. The system of claim 4 and a display panel in the 
form of a map of said airport, said indicators being at 
locations on said map corresponding to individually as- . 
sociated microphones on said airport. 

6. A system for automatically monitoring the loca 
tions of a plurality of individually identified airplanes 
while they are on the ground at an airport, said system 
comprising a sonic energy transmitting transducer 
means attached to each of said plurality of airplanes, 
power activating means for operating said transmitting 
transducer whereby a sonic energy signal is radiated 
from said transducer, characterized in that said sonic 
signal is coded and still further characterized in that 
each of said plurality of planes has a different coded 
signal radiated from its transmitting transducer, a plu 
rality of receiving transducer means arranged in a ?xed 
spatial pattern over the air?eld, a plurality of communi 
cation link means, a link means connecting one of said 
receiving transducer means to a corresponding one of 
said recognition circuit means, a plurality of indicator 
means, said indicator means being arranged in a display 
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pattern corresponding to the spatial pattern occupied 
by the plurality of receiving transducer means on the 
air?eld, each of said recognition circuit means being 
connected to an individually associated one of said in 
dicator means which is located in the same correspond 
ing position in the display as the connected receiving 
transducer means is located in said pattern, means for 
activating said indicator means by said connected rec 
ognition circuit means when said associated receiving 
transducer means is in such close proximity to an air 
plane that the radiated sonic energy signal from said 
airplane is detected thereby, each of said indicator 
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means including a visual display, wherein each of said 
indicators displays a visible legend to identify a particu 
lar airplane responsive to the coded message transmit 
ted from‘ the particular airplane when it is in said close 
proximity to a receiving transducer means which in 
turn activates the associated recognition circuit means 
to operate the visual indicator for causing the display 
of the identi?cation legend of the particular airplane, 
said visual legend being located in a’position on said 
display corresponding to the actual position on the 
ground of the activated receiving transducer means. 

* * * 1i ll‘ 


